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Appendix C
Step Functions, Delta Functions,
and Other Exotic Beasts

I. INTRODUCTION

Consider the discontinuous function ©(x) defined by the properties
o) A
1

[0 x<0
e(x) {1 x>0,

x

©(x) is the unit “step function” introduced by Heaviside in his development of operational
calculus (now known as integral transform analysis). One can perform numerous operations
on ©(x). In particular it can be integrated to yield the ramp function
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Let's try something a bit more unusual by taking the derivative of ©(x). Clearly this is
ridiculous, because this derivative, call it §(x), is undefined at x=0 because ©(x) is
discontinuous at this point:
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Nevertheless Dirac, Heaviside, and others have made very good use of this strange
“function.” To be more specific, the Dirac 8-function, & (x), has the properties
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One-Slide Summary

AProf. Kochunas 5-steps to computational science
software development

1. Make it work (get it to run)

. Make it right (satisfy functional requirements)
. Make it robust (get rid of bugs)

. Make it fast (get answer quicker)

. Make it usable (should not need PhD to use)
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M
Outline |f [ g1 f‘f’i
AMulti-Language Programs * 0 S
ARequirements 5
ADesign for Maintainability L
ATesting Quality Metrics 1
AQA Processes

ATest Inputs and Oracles ¥
AFun with VR (sort of) P =
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L e 'ng ctives: by the

S h e e toe

1. (value) a lot of the course topics have immense
practicality

2. (value) software development in computational
science Is probably more fun than working at a
tech company
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MAGIC EYE

A New Way of Looking at the World

Background

3D lllusions by N.E.Thing Enterprises
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Waité why 1 s nucl ear

a
ASoftware from my PhD has < :/\SL
AR&D 100 (2016) a. |
A NQA-l Certified (2019) | A DOE Energy In.novaflon Hub
Consortium for the Advanced Simulation of LWRs
ASupported ~14 PhDs (10 years and $250M)
AAlso Developed graduate R

C 0 U r Methodd and N il Ry

Practice of Scientific D (D ) m

Computingd f or MI CD e S
C STATE

2016 N WA III-I— & UNIVERSITY
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More speci
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Oh by the wayé

It operates like this: o And you’ll need this:

CLECELECECD e Largest open science computer in ULS.
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Reactor Power Level (%)
o

Advancing the Era of Accelerated Computing

Calendar Days

but really for industry they want to use 1000 cores
and deplete a cycle overnight
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i 'f’/;f]" - N
MM@I Michigan PArallel Characteristics based Transport

A MPACT did not exist at the outset of CASL,
but grew out of the program.

A To CASL: MPACT is the deterministic Geometry / Niesh / Solution |/
neutronics code to solve the pin resolved  Trensfer
power distribution throughout the reactor | ———
Core. 2 IR TG-T G aul| ‘w

_ COBRA-TF
A Sits at the heart of t

capability.

A To UM: MPACT is a research tool designed in SR/NES 0 vigting £ SRS
a flexible way to facilitate PhD research in e
several areas

Transport methods, acceleration methods, -

parallel algorithms
Reactor Analysis and multi-physics numerical

methods The VERA Core
As a teaching tool Simulator
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Spoller alert! We did it!

Presented to

Oak Ridge National Laboratory
Jor the development of

| Virtual Environment for S
Reactor Applications (VERA)

Selected as
One of the 100 Most Technologically Significant

T - At e
New Products of the Year in Software/Services

(P AR s

20 1 6 Bea Riemschncider
R&D 100 Awards Editorial Director
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What iIs Computational Science and Engineering?

A CSE is a recently established multidisciplinary

field of research’and education e

A It lies at the intersection of mathematics, and Statistics
computer science, and science & engineering.

A As engineers how do we participate in CSE? CSE

A We have the applications & technology

A We understand the physics governing our
systems

A But we may not know the latest math or how
to effectively utilize computers to solve our
problems

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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Pillars of Science

A Why so much focus on CSE?

A Traditional scientific and engineering method:
A 1. Do theory or paper design
A 2. Perform experiments, build prototypes, etc.

A Limitations
A Too difficultd build a large wind tunnel

A Too expensived build a passenger jet and throw it
away

A Too dangerousd nuclear weapons
A Too slowd climate change or astral evolution

A Computational science and engineering
paradigm

A 3. Use computers to simulate and analyze
phenomenon

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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a 1

Brendan Kochunas, 201317 A Hybrid Parallel Algorithm for
the 3-D Method of Characteristics Solution of the Boltzmann
Transh)ort Equation on H|79h Performance Compute Clusters
http://hdl.handle.net/2027.42/100072

Travis Trahan, 2014 7 An Asymptotic, Homogenized,
Anisotropic, Mult_lgrouP Diffusion Approximation to the Neutron
Transport Equation http://hdl.handle.net/2027.42/107152

Blake Kelley, 20151 An Investigation of 2D/1D _
Approximations to the 3D Boltzmann Transport Equation
hitp://hdl.handle.net/2027.42/113576

Yuxuan Liu, 20157 A Full Core Resonance Self-shielding
Method Accounting for Temperature-dependent Fuel
Subregions and Resonance Interference
http://hdl.handle.net/2027.42/111419

Shane Stimpson, 20157 An Azimuthal Fourier Moment-
Based Axial SN Solver for the 2D/1D Scheme
http://hdl.handle.net/2027.42/111446

Thomas Saller, 20151 Asymptotic Homoqunized SP2
Approximations to the Neufron Transport Equation
hitp://hdl.handle.net/2027.42/116754

Ang Zhu, 20167 Transient Methods for Pin-Resolved Whole
Core Transport http://hdl.handle.net/2027.42/133353

U
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Dan Walter, 2016 1 A High Fidelity Multiehysics Framework
for Modeling CRUD Degosmon on PWR Fuel Rods
http://hdl.handle.net/2027.42/120638

Mitchell Young, 2016 i Orthogonal-Mesh, 3D Sn with )
Embedded 2-D Method of Characteristics for Whole-Core, Pin-
Resolved Reactor Analysis
http://hdl.handle.net/2027.42/135759

Michael Rose, 2017 i Multiphysics Simulation of Fission Gas
Production and Release in Light Water Reactor Fuel
http://hdl.handle.net/2027.42/140807

Aaron Graham, 2017 i Subgrid Methods for Resolving Axial
Heterogeneity in Planar Synthesis Solutions for the Boltzmann
Transport Equation http://hdl.handle.net/2027.42/138586

Benjamin Yee, 2018 i A Multilevel in Space and Energy
Solver for Multigroup Diffusion and Coarse Mesh Finite
Difference Eigenvalue Problems
http://hdl.handle.net/2027.42/146075

Michael Jarrett, 20187 A 2D/1D Neutron Transport Method
with Improved Angular Couplin
http://hdl.handle.net/2027.42/147498
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Multi-language Projects: One-Slide Summary

AMany modern software projects involve code written
iIn multiple languages. This can involve a common
bytecode or C native method interfaces.

ANative code interfaces can be understood in terms
of (1) data layout and (2) special common
functions to manipulate managed data.

AAlmost all aspects of software engineering are
Impacted in multi-language projects.

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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XSDK 1T eXascale Software Development Kit

4/17/2023

xSDK Version 0.8.0: November 2022

https://xsdk.info

Each xSDK member package uses or can
be used with one or more xSDK packages,
and the connecting interface is regularly
tested for regressions.

Multiphysics Application C

-
————— -

xSDK functionality, Nov 2022

Tested on key machines at ALCF, NERSC,
OLCF, also Linux, Mac 0S X

P ( SLEPc (_ hypre D

(: Alquimia / cam——

Y
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Application A Application B

’_suuows > / PUMl &PHBT D @ i Glnkgo - \( MAGMA\/

Pl - - B r
(_ promaN — a

- / MFEM )K IibEnsembl

i e B
\/ s D e )/\ preCICE :\ & E""GO 4 .

C " sTRUMPACK
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BLAS )

~ More
( external
N software

November 2022

* 26 math libraries :
« 2 domain Domain components Libraries Frameworks & tools SW engineering

components +  Reacting flow, etc. *  Solvers, etc. ¢ Doc generators. *  Productivity tools.
* 16 mandatory . Reusable. . Interoperable. . Test, build framework. . Models, processes.

xSDK community T
policies
Spack xSDK
installer

Extreme-Scale Scientific Software Development Kit (xSDK)

EECS 481 (W23) i SE Practice in CSE

Impact: Improved code quality,
usability, access, sustainability

Foundation for work on
performance portability, deeper
levels of package interoperability
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Languages PETSC

INE
® C783% ® C++ 6.1% ® Python 55%
Cython 3.1% @ Perl 2.0%

® Fortran 1.8% Other 3.2%

Languages

SuperLU

. [l
® C9.1% ® MATLAB 1.0%
® (CSS09% ® CMake 0.9%
® Makefile 0.7% ® Fortran 0.3%
Other 0.1%

Languages STRUMPACK

1 |1]
® C++81.1%
® CMake 4.8%

Shell 1.1%

® Fortran 9.1%
® Cuda 1.6%
Other 1.0%

® C13%

4/17/2023
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Languages

® C655%
® C++95%

Languages

Languages

SUNDIALS

| | D]
® Fortran 14.1%
® CMake 4.6%
Shell 1.9% ® Cuda 1.8%

Other 2.6%

PFLOTRAN

| N
Fortran 85.8%
Python 4.3%
TeX 1.1%
Other 1.3%

® C++51%
Gnuplot 1.4%
® Makefile 1.0%

OpenBlas
p__III

C51.2% ® Fortran 30.5%

Assembly 16.8% @ Makefile 0.5%

C++ 04% @ CMake 0.4%

Other 0.2%

EECS 481 (W23) i SE Practice in CSE

Languages heFETe

Y I .
® C++ 665% ® Fortran 24.7%

® CMake 4.5%
® Cuda 1.2%

® Python 1.6%

® C12% Other 0.3%

Languages MAGMA

C++ 54.0%
Cuda 13.8%
Python 0.3%
Other 0.1%

® Fortran 27.4%
® C42%
® Makefile 0.2%

Languages Spack
—
® Python 98.4% Shell 0.9%

® C02%

® Makefile 0.1%

® Prolog 0.3%
® CMake 0.1%
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Computational Science

Requirements
are more than functional
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¢: Add 1 to your mana pool.

M «, Sacrifice Quicksand: Target
i1 attacking creature without flying
- gets -1/-2 until end of turn.

Not all deaths are etched with mythic
meanming and iconic glory.

M & © 2014 Wizards of the. Coast 209/210

18
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Requirements: One-Slide Summary

ARequirements articulate the relationship and interface
between a desired system and its environment. This includes
both what is (or is expected) and what should be.

AWe distinguish between functional and quality (or non-

functional) requirements. Both should be stated In
measurable ways.

ARequirement_s can describe variables, inputs, and outputs,
and assumptions between them.

AWe distinguish between informal statements and verifiable
requirements.

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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High-Level Requirements (Roadmap)

Application drives
development

* #1 2D HZP Pin Cell

« #2 2D HZP Lattice

+ #3 3D HZP Assembly

+ # HZP 3x3 Assembly CRD Worth A cycle depletion on < 1000 cores,

MPACT declared
CASL deterministic
pin resolved
neutronics tool.
ORNL becomes
co-developer

*+ #6 HFP BOL Assembly

+ #7 HFP BOC Physical Reactor w/ Xenon

+ #8 Physical Reactor Startup Flux Maps

J
J
J
) .
- #5 Physical Reactor Zero Power Physics Tests (ZPPT) | overnight
J
)
J
J

+ #9 Physical Reactor Depletion

« #10 Physical Reactor Refueling J

N
v
N
N
N
N
N
g
Vv

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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below for Cartesian grid LWRs. Specifically:

I t . I
U a. Must be able to process the specified VERA input options as stated
e l | I r e I I l e n t S b. Must be able to read in one or more (depending on mode) properly generated VERA
restart files and use them to begin a calculation

c. Must be able to produce the specified restart file at the end of a VERA state calculation

. Must be able to write, read, and shuffle (where applicable) any reactor component of any
W at O We reactor type for which tracking irradiation may be of interest:

a. Fuel rodsfassemblies

Fuel Shuffle File Requirements

Must implement the “VERAIn Specification for LWR Core Shuffling and Jump-in” specifications

Inserts

- .
. Control rods/blades Heed to talk to I 2boyt the exact requirements
; for this {1 think | have a good guess but 'l make sure with
] . Nozzles B

. then the developers can determine what information
Core plates o write to the file to accomplish that

. Grids
A\
. Baffle/reflector
a 0 S . Reactor vessel

Composite blocks

j. Fuel pebbles
g O O d / b ad a b O u t k. Molten salt compositions
I.  Solid moderator components (e.g. graphite blocks)
3. Must work for all reactor types
t h e S e 4. Must be able to write, read, and shuffle (when appropriate) the following information:
a. Geometry information: Core layout, axial mesh, thermal expansion parameters
b. Feedback and post operation data

Ll
re u I re r r ‘ e n tS i. Component-specific data (e.g. vessel fluence from SHIFT)
q ii. Pin-wise data (CRUD/corrosion data)
iii. Any other feedback/post operation data that could be required
c. State data such as power history and reactor state data from the end of the previous
calculation [e.g. control rod positions, boron concentration, etc.)

5. Must support reconstituted rods for solid-fueled reactors when performing restarts or shuffles
6. Must be able to restart using different thermal expansion temperatures than were used to

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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Quality Reqguirements

Input Example: Write and Read a Restart File

[STATE]
deplete EFPD OO Quality Requirement

restart_write restart _cycl2. hb5 BOCO // \\

[STATE] Quality of Service Compliance Architectural Constraint Development Constraint

(rj:sa;erttivsrli:t:D = 4Or8% 1502 art_cycl1l2.hs5 10 G/K/PE\\ focurees / \ / \

Safety Security Reliability Performance Interface Installation  Distribution ~ Cost Maintainability

[STATE]
deplete EFPD 150 200 / \\ \ cOg\ Deadline Variabilty

restart_write restart _cycl1l2. h5 |A20"0EFP DGy Tme Seace  User - Device  Software

interaction interaction interoperability

[STATE] N

Usability Convenience

power 50.0
boron 800
restart_read restart _cycl2.h5 A200EFPDO

7. Should be able to optionally write & read depletion isotopes ih addition to transport isotopes
8. Must support various levels of HDF5 compression
9. Must support axial remeshing on an assembly-by-assembly basis
10. Must support radial remeshing on a pin-by-pin basis
4/17/2023 EECS 481 (W23)i SE Practice in CSE
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|\ | \FHISTSONEOFTHOSE DO
TCHMO

TELL THEM ORJUST WAT

f o~ :
\\ \ l '
4 : A \ 1 ;': b '

Design for
Maintainability

m

4/17/2023

EECS 481 (W23)i SE Practice in CSE
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Design: One-Slide Summary
AWe can invest up-front effort in designing software

to faci
overal

AWe wi )
comprehension, documentation, change, reuse, and
testability.

AThe metrics used for understandability, the category of
Information conveyed by documentation, object-oriented
principles and design patterns, and coverage are all
relevant.

4/17/2023

itate maintenance activities. This reduces
lifecycle costs.

| consider designing to improve

EECS 481 (W23) i SE Practice in CSE
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Approaches to Solving the Boltzmann Neutron
Transport Equation

W) (C’V(\:”E)stt(fcfE)/ (E&E):ﬁﬁ’ﬁf(ﬁa)ﬁp/ ("C,\g\:/i,Ei)dWIdEi"'ﬁﬁlpSs( WEi- E) (FC,V(\:/i,Ei)dWﬂEi
ff

Stochastic Deterministic

Differential Integral
Monte Carlo Transport ) Transport
Methods Equation Equation

/\

Spherical Discrete K — 4 —
Harmonics (Py) Ordinates (S,) [ Collision Probability |

| Method of Characteristics ‘

2-D/1-D /

Approximation
Diffusion

Approximation

4/17/2023 EECS 481 (W23) i SE Practice in CSE



M | MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

Dependencies and Class Hierarchy

1] ] [ ]

<<Subpackage>> MultiStateSolver L EigSolver

Driver

_r"\lv

I
v MGFixedSrcSolver
1

<<Subpackage=>
ul —

<<Subpackage=>
CMFD Accelerator

<<Subpackage=> <<Subpackage=>=> r'“l
CDP XSMesh

<<Subpackage==>
XS

| — 7

v

|
<<Subpackage==> _I A%
CoreSolvers < a

AngularQuadratures ModularMesh

<<Subpackage=>
Reactor

<<Subpackage==

_rHl Reactor

|
!
|
|
|
|
I
H-- CoreGeom

— \%4
<<Subpackage=>
Utils

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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k. ® "/ \ [ J .) —
Boiling Water Reactor (BWR)
Assemblies (8x8 and 7x7)

Pressurized Water Reactor (PWR)
Assemblies

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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Testing

Quality
Metrics

4/17/2023
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EXCUSE ME, GIR. WOULD YOU BE
INTERESTED IN HANING YOUR
MODERATE SOCIAL VIEWS
REPACKAGED AS RADICAL
STATEMENTS, THEN SOLD TO You
AS DESIGNER MERCHANDISE.

WE HAVE THIS SHIRT WHICH PROMOTES
THE IDEA THAT REAL EXPERIENCE

IS PREFERABLE TO

AQUISITIWENESS.

GOMEHOW, IN THE TRANSITION FROM)
AN AGREEABLE NIOTION TO A
SLOGAN, IT ACQUIRES THE
MODAL SENSE OF CHALLENGING
SOME PERSON OR PERSPECTIVE,
EVEN THOLGH THE
) GENERAL DEA 15
{ | UNCONTROVERSIAL.

T WANT To BuVY 1T, BUT
COULD YOU PLEPSE BE
LESS FORTHRIGHT ABOLT
VOUR BUSINESS MODEL?

28
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QA and Testing: One-Slide Summary

AQuality Assurance maintains desired product
properties through process choices.

ATesting involves running the program and inspecting its

results or behavior. It is the dominant approach to
software quality assurance. There are numerous
methods of testing, such as regression testing, unit
testing, and integration testing.

AI\/_Io_cking uses simple replacement functionality to test
difficult, expensive, or unavailable modules or features.

(special thanks to James Perretta for material)

4/17/2023 EECS 481 (W23) i SE Practice in CSE



M | MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

Test Quality Metrics: One-Slide Summary

ATest suite quality metrics help us decide which suite to
use. Line coverage, the fraction of lines visited when
running a suite, is simple but gives limited confidence.

ABranch covera?e, which requires both true and false
|

values for conditions, is richer (incorporating data values

Indirectly).

AMutation analysis measures the fraction of seeded
defects detected by a suite; it is expensive but effective.

ABeta and A/B testing involve real users and their
experiences.

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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Test and Source Code Metrics

ACode Coverage Lines of Code
(by |Ine) HA900 comment (source)
A Utils: 91.6% 120000

X code (source)

® comment (tests)

A Reactor: 84.0% T pcade (st
A CoreSolvers: 84.1% @ %
AMOC: 70.3% P
A CMFD: 28.9% #0000

AXS: 73.5% 20000 M
0

AUIl: 57.9%

4/17/2023 EECS 481 (W23) i SE Practice in CSE
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Integration and

Regression Test

Quarter

2D PO

Full

2D Pn

2D/1D NEM

Assembly Gap

2D/1D SP3

MNozzles

CMFD 1g

CMFD MG

Core Plates

Search keff

Reflector

Search boron

Baffle

Search rod

Multistate

Inserts

Depletion native

Control Rods

Depletion arigen

Detector

Shuffle rotational

Shuffle mirror

Nominal Spacers

Intemal TH

Above/below fuel

IFM

Explicit

CTF

Eq Xe/Sm

Subgroup

ESSM

Cusping

4/17/2023

Geometry Solvers

Parallel

|20/1D NEM
|2D/1D SP3
[Search boron
[Search rod

> [Depletion native
> [Shuffle rotational
= [shuffle miror

> [Eq Xe/Sm

* |subgroup

> [cusping

= |Rotational

Quarter

< [rhread
> Ispacetangle

> Jangle + thread

> |space + angle + thread

> | > |assembly Gap

<<= Nozzles
> | INominal Spacers

> [>[Control Rods

> | > [Detector

> [ aboverbelow fuel
> [ |Explicit Spacer
> [*[search keff
*|*|space ztree

1% linserts

Full

> || > hintemalTH

> > |space explicit

[Assembly Gap

[ [>[=Core Plates

Nozzles

<[> 1> [>< > Jaxial Reflector

Core Plates

Control Rods

Detector

Nominal Spacers

Abowe/below fuel

IFM

Explicit

2D PO

20 Pn

20110 NEM

201D SP3

[CMFD 1

[CMFD MG

[Search keff

[Search boron

|Search rod

Multistate

Depletion native

Depletion origen

|Shuffle rotational

Shuffle mirror

IntemalTH
CTF

Eq XelSm

Subgroup

ESSM

Cusping

Mirror
Rotational

[Space ztree
Space_explicit

[Angle

[Thead

Spacerangle

[Angle + thread
Space = angle + Thiead

Parallel

Figure 2.4 MPACT Regression Suite Matrix [Collins, 2015a].
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Regression Test Suite Accept
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AVG:0.7164, RMS:0.8676, SD:0.4893
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Validation Testing (Test against reality)

* Critical Boron * Criticality T =T =T
* Rod Worths * BOL Pin Powers 5 i, :
) - -: g 2
*|TC ¢ Temperature Worth RN S DR TR T e B ez 32,8
§f 5% Bls e Eo3: ok £ 80§ §:z8|1&2s
* Flux Maps — i i3 3:|3 868 ft:g 88 EEFEEHIEg
i
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. . Xxox K x x x X AEEN]
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Operating Power Plants

BQMEIET)

SHAYIE

Map Functiona
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Map Functional Requirements Validation Data

Capabilities
PWR
Westinghouse 4-Loop
Westinghouse 3-Loop
Westinghouse 2-Loop
Babcock & Wiloox (B&W)
Combustion Engineering {CE)
Fuel Assembly Types

w17 Physics Components

1ex16 Neutron Transport

1ex16 CE Gamma Transport

15¢15 Coolant Density Feedback
15x15 BEW Fuel Temperature Feedback

14214 CE Isotopic Depletion
Mixed Oxide Fuel [MOX) ¥enon Concentration

|Bumable Poison Types Shutdown Decay
Pyrex

IFBA

WABA

Solid B4C-AL203
Gadolinia

Erbia

A
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We still have bugs and get the wrong answer
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Trivia Break
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Trivia: Physicist

AThis Dutch-American physicist is
credited with jointly proposing the i
concept of electron spin at 23. t
He was the editor-in-chief of the leadin
physics journal Physical Review Letters

received the National Medal of Science,
and has a named collection of Egyptian antiquities
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Trivia: Great Minds

AThese photo features
A Samuel Goudsmit
AWerner Heisenberg
AEnrico Fermi

Alt was taken at one of
t he wo r-éngnéns
physics summer schools
In 1939

AWhere was it taken?
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M
Trivia: The Catcher Is the Spy

AThis Jewi sh Americ
emigrated from Ukrain was
professional baseball player spoke
seven languages and regularly read 10
newspapers a day (in various
languages). He also conducted

aramilitary operations for the Office of
trategic Services (predecessor to the
_CIA?._ uring WWII he provided crucial
Intelligence on Japan providing video
footage of Tokyo.
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M
Trivia: Manhattan Project

A These women operated this type of .
machine whoOs | nv e
Nobel prize (in 1939) for its invention. = [ess

A Despite the women not being told
exactl%_/ what it was they were
operating. They engaged in a week
long competition with male scientists
(mostly PhDs) to see who could
produce more product and
outperformed their male colleagues.

A Their service was crucial to the _
roduction of Atulby
oy o0
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QA Processes

BUG
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Inputs & Oracles: One-Slide Summary

AFormally, a test case consists of an input (data), an oracle
(output), and a comparator.

ATest inputs determine the behavior of the program. High-
coverage inputs can be generated automatically through

path enumeration, path predicates, and mathematical
constraint solving.

ATest oracles correspond to what the program should do.
Generating them is an expensive problem; but it can be done
automatically (sort of) through invariants and mutation.

ATest suite minimization finds the smallest subset of tests
that meet a coverage goal.
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ldeal Maturity of Software Quality Metrics

X Unit and Verification Testing User Input Checking and Feedback Backward compatibility
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Research Production Production Research I Production  Production Research Production Production
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Research Production Production
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Real Software Quality Metrics

A Liger Input Checking and Feedback

Backward compatibility
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The MPACT Dev Process

lterative development Process

< What is the problem you are trying to solve?

Architecture j How is the code organized?

< How do the internal parts of the
Design code interact with one another?
m Test requirements and verify code is corre

LowLevel o o :
< Function internal algorithmic design

Construction E Actually write source code
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NQA-1 Program
ASets QA requirements for program

AEach release has
A Software Management Plan

AUser Manual

ATheory Manual

AVerification and Validation Manual

AProgrammer Manual

A Software Test Plan Requirements and Test Report
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Traceability

Requirement Description )
Test Name Testing Procedure

Test Input Computer Program Tested
Additional Infe . I
iioRa g Test Equipment Calibration

MPACT shall compute solutions to a 3-D mutliassembly model with control rod .
1 movement. Date of Test

Data Recorder
MPACT_exe/tests/regression_tests/mini_core/4-mini_apsr.inp Simulation Models Used

Test Problems
Results and Acceptability
Action Taken in Connection with Noted Deviations

MPACT Software Test Plan, Requirements, and Test Report

CONTENTS

Purpose and Scope

Req. ID

MPACT shall compute solutions to a shuffie of an evenpin lattice, mirrored across
the x-axis, with 0 quarter rotations.

2.1
22
23
24
25
2.6
2.1
2.8

MPACT _exe/tests/regression_tests/solution_verification/xml_input/
shuffle_symmetry/evenpin_mirror-x_rot0.in .

Sy My v - B Applicable Standards and Procedures
MPACT shall compute solutions to a shuffle of an evenpin lattice, mirrored across
the x-axis, with 1 quarter rotations. Required Records

4.1 CDash Test Results

MPACT _exe/tests/regression_tests/solution_verification/xml_input/ . 1s .
= 2 - - i 4.2 Requirements Traceability Matrix

shuffle_symmetry/evenpin_mirror-x_rotl.inp
MPACT shall compute solutions to a shuffie of an evenpin lattice, mirrored across Appendix A MPACT Test REpOl‘t
the x-axis, with 2 quarter rotations.
Appendix B Requirements and Test Traceability Matrix

MPACT _exe/tests/regression_tests/solution_verification/xml_input/
shuffle_symmetry/evenpin_mirror-x_rot2.inp

MPACT shall compute solutions to a shuffle of an evenpin lattice, mirrored across —- — T= — LE—— = =

the x-axis, with 3 quarter rotations. 848  MPACT _exe_testVerify_shuffle_oddpin_rotation-y_rot2 Completed Passed
MPACT exeftests/regression._tests/solution_verification/xml_inpuy _ 849 MPACT _exe_testVerify_shufile_oddpin_rotation-y_rot3 Completed Passed
shuffle_symmetry/evenpin_mirror-x_rot3.inp 850  MPACT exe_testVerify_shuffle_oddpin_unfold_mir Completed Passed

4/17/2023 EECS 481 (W23) i SE Practice in CSE




e S ArE NN A

Defect Reporting: One-Slide Summary

AA software defect report includes information and
communications related to addressing a software
Issue.

ADefect reports have many components

ADefect reports are subject to triage based on
severity and priority information.

ADefect reports have a lifecycle that is complicated
and non-linear with multiple possible resolutions.
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Defect
Reporting
and Triage

4/17/2023

SOFTWARE PROBLEM REPORT

Date Received by vsm: March 24

Problem Report |

Originator/Originating Organization: EPRI

b: 2020-017-0

SOFTWARE PRODUCT: MPACT

PROBLEM REPORT TYPE
O Documentation

O Build Issue

@ Coding Error
O Data Library Error
O Other (specify)

Error Reporting Category: 0 Major

Basis for Error Categorization: O Conveyed by User/Originator

RELEVANT KANBAN TICKET(s): 6347

O Medium

RELEASE/VERSION #: VERA 4.1RC2

ATTACHMENTS: O Yes O No

if yes, list attachments:

Potential impact of error

Minor

@ PSM/VSM Evaluation of Error

Frequency/likelihood of error occurring

If users do not realize these cards are present in the
input block, then their case will segfault during input
processing.

This will happen anytime the aforementioned input
cards are used in a steady-state calculation.

Item

Title

Data Library

Description of the error

How was the error identified?

When does the error occur?

e

Steady-State Calculations Segfault with Transient MPACT
Ontions

Unrelated to data libraries

If the user is running a steady state calculation and
includes either the "prompt" card or the "accel" card in
the MIPACT block of the input, MPACT crashes with a
seqfault during input processing.

A user reported the error

The error occurs when a user includes either the
"prompt" or "accel” card in the MPACT block of their
VERA input, but intends to run a steady state
calculation. When MPACT begins processing the XML
input it segfaults when attempting to deallocate a
variable that is already deallocated.

How can users determine if error affects
their calculations?

What action should users take if error
affects them?

Is correction to caode/data available?

The user can review the MPACT block of their input
for presence of the "prompt" or "accel" card.

Remove or comment out the "prompt” or "accel" card
from the input.

The code has been modified to ignore these options
when present in a steady-state input.

How to obtain/install correction

The fix for this will be available in VERA 4.2.

Additional Comments:

EECS 481 (W23) i SE Practice in CSE
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Test Inputs, Oracles,

and Generation

REMAINS OF AXIS PUB, SUDDEN MOUNTAINS, DIMENSION OF KNACKITUDE

/.EARNIN@ THE KNACK OF TRAVEL
BETWEEN LEVELS OF REALITY REQUIRES US

TO LOOK BEYOND OUR NATURE, THERE TO FIND
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YOU KNOW,
THE USUAL

I'M SORRY.
I THOUGHT THIS
WAS AN INTRO
CLASS?

NO,

YOU NEEP 301
AS A PREREQ.
ARE YOU AN
UNDERGRAD?
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Inputs & Oracles: One-Slide Summary

AFormally, a test case consists of an input (data), an oracle
(output), and a comparator.

ATest inputs determine the behavior of the program. High-
coverage inputs can be generated automatically through

path enumeration, path predicates, and mathematical
constraint solving.

ATest oracles correspond to what the program should do.
Generating them is an expensive problem; but it can be done
automatically (sort of) through invariants and mutation.

ATest suite minimization finds the smallest subset of tests
that meet a coverage goal.
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A Taxonomy of Testing (If its not tested, Iits
not a supported feature

A Unit Testing i Test individual units of program in isolation
A Should run very fast: < 1 second (a couple seconds is ok)

Integral Testing T Testing program components together
A Should run fast: < 1 minute (a couple minutes is ok)

Regression Testing 1 Test whole program for changes in program output
A Should run fast: < 1 minute (a couple minutes is ok)

Verification Testingi Test that you are fAdoing things righto
A Can happen at unit or integral or regression level. Comparison analytic solutions or manufactured solutions.

Validation Testingi Whol e program testing fAdoing the right thi
A May be long running: minutes to hours

Memory Testing i Expensive testing that does detailed memory simulations to detect errors (valgrind)

Coverage Testing 1 Figure out how much of your source code is actually covered by testing
Portability Testing i test on different platforms and with different compilers
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Test input path testing
AChange input settings

2D PO

2D Pn

2D/1D NEM

2D/1D SP3

CMFD 1g

CMFD MG

Search keff

Search boron

Search rod

Multistate

Depletion native

Depletion origen

Shuffle rotational

Shufle mirror

Intemal TH

CTF

Eq Xe/Sm

Subgroup

ESSM

Cusping
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Verification and Validation

AModel verification: substantiation
that a computerized model Model

Qualification
represents a conceptual model
within specified limits of ( meamy )
accuracy. 3 e

AModel validation: substantiation Model Combuter ?CONCEPTUAL)
that a computerized model within  Vvatidation | Simlation MODEL

-
1 -

Its domain of applicability : Programining
possesses a satisfactory range COMPUTERIZED Y

of accuracy consistent with the MODEL -
iIntended application of the Verification

model.
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V&V In the Context of SQA

CONCEPTUAL
MODEL

COMPUTATIONAL
MODEL

VERIFICATION
TEST

COMPUTATIONAL
SOLUTION

Comparison and
Test of Agreement

4/17/2023

CODE VERIFICATION ACTIVITIES

CORRECT ANSWER
PROVIDED BY HIGHLY
ACCURATE SOLUTIONS

Numerical Algorithm Verification

Software Quality Assurance Practices

= Analytical Solutions

« Benchmark Ordinary
Differential Equation
Solutions

« Benchmark Partial
Differential Equation
Solutions

Types of Algorithm Testing:

* Analytic solutions for simplified physics
* Method of manufactured solutions

= ODE benchmark solutions

* PDE benchmark solutions

* Conservation tests

= Alternative coordinate system tests

* Symmetry tests

« |terative convergence tests

Configuration Management

Software Quality Analysis and Testing

— |

Static Dynamic Formal

Analysis Testing Analysis

EECS 481 (W23) i SE Practice in CSE
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What CSE typically does

AAutomatic Test Generation

Alnputs and oracles YOU'RE USED TODOING IT THE HARD
AMutation analysis WAY?
,;a_s?f, | ”

APath Coverage .
ATest Minimization

FANTASTIC.

akeameme .org
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